Middle third clavicular fracture is effectively treated by conservative means. [1] [2] [3] The fracture unites in the form of overlying, angulation, and displacement. [2, 4, 5] There have been previous studies regarding how clavicular fracture configurations-including simple and comminuted fractures-might affect fracture healing in terms of union Objective: Middle third clavicular fracture is effectively treated by conservative means. Previous studies showed that comminution and displacement of clavicular fractures might affect fracture healing. However, the clavicle horizontally aligns in the shoulder girdle and has different biomechanics from vertical weight-bearing bones. Therefore, this study was conducted with the hypothesis that comminution has no effect in worsening fracture healing and union configurations in conservatively treated middle third clavicular fractures. Methods: One hundred ninety-eight middle third clavicular fractures treated by conservative means were reviewed and divided into 2 groups. Group 1, simple fractures, included 97 patients. Group 2, comminuted fractures, included 101 patients. Patient demographic data, initial fracture deformities, and union configurations such as angulation, overlying, and displacement were measured. Union rate and union complications such as delayed nonunion were evaluated. Data were analyzed for statistically significant differences (p<0.05). Results: Initial deformities of Group 1 and Group 2 were 11.94°±9.59° and 9.40°±8.57° angulation, 12.24±12.96 and 11.76±10.06 mm of overlying, and 13.31±8.63 and 13.72±7.42 mm of displacement, respectively, and exhibited no significant differences (p>0.05). Union rate and union complications of Group 1 were 74/97 (76.29%) and 23/97 (23.71%), respectively. For Group 2, the rates were 82/101 (81.19%) and 19/101 (18.81%), respectively. Union configuration of Group 1 and Group 2 were 13.76°±10.63° and 12.80°±8.65° angulation, 11.93±10.75 and 11.52±9.38 mm of overlying, and 9.79±8.33 and 10.74±6.68 mm of displacement, respectively, and showed no significant differences between the groups. Conclusion: Comminution plays no role in worsening fracture healing of conservatively treated middle third clavicular fractures in terms of healing rate, union complications, and union configurations.
rate, delay, and nonunion, as well as degree of angulation, overlying, and displacement of the fracture. [2, 4, 5] However, the clavicle horizontally aligns in a shoulder girdle, so the biomechanics of the clavicle are different from those of other vertical weight-bearing bones such as the femur and tibia, of which the comminution of the fracture affects fracture stability and healing. [6] [7] [8] The present study investigated the role of comminution of middle third clavicular fractures in fracture healing, and union complications in terms of delayed nonunion and union configurations. Our hypothesis was that comminution has no effect on fracture healing and union configurations in conservatively treated middle third clavicular fractures.
Patients and methods
The study was performed after receiving ethical approval from the Siriraj Institutional Review Board.
Between 2007 and 2012, acute clavicular fractures were reviewed, with inclusion criteria as follows: closed middle third of the fracture, age range from 18 to 60 years, all fractures received conservative treatment by figure-of-eight abduction splint and had more than 1 year follow-up anteroposterior radiographs of the clavicle. The acceptable clavicular radiograph included acromioclavicular and sternoclavicular joints and primarily focused on the clavicle. The exclusion criteria were pathological fracture, refracture, segmental fracture, secondary fracture in the same clavicle, associated fracture around the shoulder girdle, brachial plexus injury, as well as injuries that made the patient unable to ambulate, inactive or bedridden patients, and inadequate medical records and radiographs. One hundred ninety-eight middle third clavicular fractures were enrolled in the study. The fractures were divided into 2 groups. Group 1 included simple clavicular fractures, consisting of only 2 fragments (Fig. 1a ), and Group 2 included comminuted fractures, consisting of more than 2 fragments ( Fig. 1b ). Group 1 was composed of 97 patients (80 males and 17 females; 53 right side and 44 left side fractures) with a mean age of 36 years (range: 18-59 years). Group 2 was composed of 101 patients (91 males and 10 females; 52 right side and 49 left side fractures) with a mean age of 38 years (range: 18-60 years). The most common mechanisms of injury for both groups were recorded. The study used anteroposterior clavicular radiographs and measurement tools of a programmable automation controller digital system. The first line was drawn between the midpoint of the fracture site of the medial fragment and the sternal end of the clavicle (AB). The second line was drawn between the midpoint fracture site of the lateral fragment and the acromion end of the clavicle (CD). The angulation of the fracture was obtained from the intersected angle between lines AB and CD, which were measured, as was the distance between B and D (BD). Overlying of the fracture was obtained from AB+CD−BD. Displacement of the fracture was obtained by measuring the maximum distance between AB and CD. Thus, displacement of the fracture was measured from A perpendicular to CD at E (AE) (Figure 2a ). However, in cases where the fracture had only angular deformity, no overlying or displacement of the fracture was recorded. Initial deformities of the fracture in terms of fracture overlying, angulation, and displacement of both fracture groups were measured by the same manner and recorded. Union, delayed union, and nonunion were evaluated clinically by no pain at the fracture and no fracture site mobility, as well as radiographically, which showed trabecular bridging and callus formation. Fracture union was defined by radiographic healing within 3 months. Delayed union was defined as fracture healing between 3 and 6 months. Nonunion was defined as no fracture healing within 6 months ( Figure 2b ). [1] All patients were immobilized in figure-of-eight abduction splints until clinical and radiographic evidence of healing was achieved, at which point the splints were removed and progressive range of motion exercises of the affected shoulder were started. The radiographs were tracked from initial and interval follow-up radiographs until 1 year follow-up. Fracture union configurations in terms of overlying, angulation, and displacement were measured from 1-year fracture union follow-up radiographs. The measurements were performed by 2 orthopedic surgeons for inter-and intraobserver reliability. Intraclass correlation coefficient >0.70 was used for data analysis. Kappa value >0.65 was used for analysis of the reliability of the fracture union and evaluation of complications. The data were analyzed and compared between Group 1 and Group 2 by chisquare test, student' s t-test and Mann-Whitney U test, with a p-value <0.05 considered statistically significant.
Results
The demographic data of both groups are shown in Table 1 . Initial fracture deformities of Group 1 and Group 2 were 11.94°±9.59° and 9.40°±8.57° angulation, 12.24±12.96 and 11.76±10.06 mm of fracture overlying, and 13.31±8.63 and 13.72±7.42 mm of displacement, respectively. Inter-and intraobserver reliability of the measurements were >0.79. Statistical analysis showed no significant difference between the 2 groups (p>0.05). In terms of mechanism of injury, motor vehicle accident was the leading cause, with 57/97 (80.41%) in Group 1 and 81/101 (58.76%) in Group 2. There was a higher statistically significant correlation between motor vehicle accidents and comminuted clavicular fractures compared with motor vehicle accidents and simple fractures (p=0.001) ( Table 1) . Union rates of Group 1 and Group 2 were 74/97 (76.29%) and 82/101 (81.19%), respectively. Delayed and nonunion rates of Group 1 were 20/97 and 3/97, respectively, and 17/101 and 2/101, respectively, in Group 2. Fracture union complications in terms of delayed plus nonunion of Group 1 and Group 2 were 23/97 (23.71%) and 19/101 (18.81%), respectively. Kappa values of fracture union, delayed union, and nonunion were >0.70. The statistical analysis showed no significant difference in fracture union and union complications between the 2 groups (p>0.05) ( Table 2 ). Fracture union configurations of Group 1 and Group 2 were 13.76°±10.63° and 12.80°±8.65° angulation, 11.93±10.75 and 11.52±9.38 mm of fracture overlying, and 9.79±8.33 and 10.74±6.68 mm of displacement, respectively. Inter-and intraobserver reliability of the measurements were >0.74. Statistical analysis showed no significant difference between the 2 groups (p>0.05) ( Table 2 ).
Discussion
Conservative treatment is recommended for middle third clavicular fractures, although the fractures in the present study healed with some degrees of fracture overlying, angulation and displacement, [2, 4, 5, 9] and the patients were able to effectively perform activities of daily living. [3] Previous studies of conservative treatment of middle third clavicular fractures showed declination of union rate and increased malunion. [4, 5] Risk factors for union complications were displacement and comminution of the fracture. [4, 5] The clavicle is an S-shaped bone, with an especially pronounced anterior curve at the middle third clavicle. However, the S-shape of the clavicle had no effect on evaluation of union configurations of the fracture, in particular angulation of fracture union, as we compared union configuration of the fracture between comminuted and simple clavicular fractures at the end point of the deformity, in terms of angulation, overlying, and displacement. Our study demonstrated no significant differences of initial deformities including angulation, fracture overlying, and displacement of the fractures between the simple and comminuted fracture groups. These allowed comminution of the fracture to function as a comparable factor of fracture healing for comparative study between the 2 groups of simple and comminuted middle third clavicular fractures. Additionally, sex, age, and side of fracture showed no significant differences between the groups. The immobilization method for each group was the same, which allowed for fracture healing under the same circumstances. Regarding mechanism of injury, it was shown that comminuted fractures more commonly occurred due to motor vehicle accidents than simple fractures; this finding was statistically significant, reflecting that comminution occurred after high-energy mechanism of injury.
The union rates of Group 1 and Group 2 were 76.29% and 81.19%, and union complication rates were 23.71% and 18.81%, respectively. Although the differences were not statistically significant, the results showed that the comminuted fracture group had better union rate and less union complications than the simple fracture group. These findings are attributable to the fact that a comminuted fracture provides more surface contact with the shoulder girdle, which allows for better healing when compared to a simple fracture. Union configurations of the comminuted fracture group were 12.80° angulation, 11.52 mm of fracture overlying, and 10.74 mm of displacement; in the simple fracture group, these values were 13.76° angulation, 11.93 mm fracture overlying, and 9.79 mm of displacement. The differences in union configurations of both groups in terms of angulation, fracture overlying, and displacement were not statistically significant. This can be explained because the S-shaped clavicle horizontally orients itself in a shoulder girdle, which is different from vertical weight-bearing long bones such as the tibia and femur; thus, the healing occurrs under axial loading force along the axis of the long bones, and comminution of the fracture can affect the fracture stability and fracture healing. [6] [7] [8] [9] [10] End point of fracture deformities of the clavicle in a shoulder girdle depends more on the integrity of extrinsic and intrinsic shoulder stabilizers-including muscles, ligaments, deforming muscles, and weight of the affected arm-than the degrees of comminution, and it is not affected by the axial loading force, as other long bones are. As shown in the present study, there were no significant differences in union rate, union complications, and union configuration between conservatively treated comminuted and simple middle third clavicular fractures. This result supports previous studies that concluded comminution as a risk factor for nonunion. [5, 11] Comminution reflected greater correlation to high-energy mechanism of trauma, compared with simple fracture. However, from our study, it did not create statistically significant differences in initial angulation, overlying, and displacement, suggesting that the surrounding soft tissue stabilizers were still able to maintain the initial deformity as a simple fracture and did not affect the healing potential. Risk factors for nonunion and shoulder dysfunction that can occur after conservative treatment include advanced age, female gender, smoking, lack of cortical apposition, and displacement rather than comminution. [5, 11, 12] To the best of our knowledge, this study is the first to demonstrate that comminution has no effect on fracture healing and union configurations in horizontally-oriented bones such as the clavicle. It is also the first study reporting the end point union configurations quantitatively as angulation, overlying, and displacement for both simple and comminuted fractures of the clavicle under the same immobilization method, different from previous studies. [1] [2] [3] 5, 11, 12] There are some limitations to our study. First, the wide age range for both groups is one factor that can affect the initial angulation, overlying, and displacement, all of which possibly affect union. However, because there was no statistically significant difference between the mean age of the 2 groups, we were able to compare the 2 groups for union rate and configurations. Second, due to the retrospective nature of the study, important data affecting fracture healing, such as smoking history, could not be obtained. Third, we did not have the bilateral anteroposterior clavicular radiographs for comparison of the shortening to the normal contralateral clavicle. Hence, we measured the fracture overlying instead. There were no 30° cephalad apical lordotic clavicular radiographs. Our evaluations of union configuration depended solely on one-dimensional figures.
In conclusion, comminution plays no role in worsening fracture healing in terms of fracture union, union complications, and union configurations of conservatively treated middle third clavicular fractures.
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